We study the decay width and CP asymmetry for the exclusive decay B s → τ + τ − in the two Higgs doublet model with complex Yukawa couplings. We analyse the dependencies of these quantities on the model parameters, including the leading order QCD corrections. We found that there is an enhancement in the decay width and a measurable CP asymmetry. Further, the neutral Higgs effects are detectable for large values of the parameterξ D N,τ
Introduction
The study of rare B-decays is one of the most important research areas in particle physics and there is an experimental effort for studying them at various centers such as SLAC (BaBar), KEK (BELLE), B-Factories, DESY (HERA-B). In the Standard model (SM) they are induced by flavor changing neutral currents (FCNC) at loop level and therefore they are sensitive to the fundamental parameters, like Cabbibo-Kobayashi-Maskawa (CKM) matrix elements, leptonic decay constants, etc. These decays also provide a sensitive test to the new physics beyond the SM, such as two Higgs Doublet model (2HDM), Minimal Supersymmetric extension of the SM (MSSM) [1] , etc.
Among the rare B decays, B s → l + l − process, induced by the inclusive b → sl + l − decay, is attractive since the only non-perturbative quantity in the theoretical calculation is the decay constant of B s which is reliably known. From the experimental point of view, the measurement of the hadronic decay is easier compared to its inclusive channel.
The measurement of upper limit of
stimulated the study of B s → l + l − decays. In the literature, this process ( [3] - [9] ) and its inclusive one B s → X s l + l − ( [10] - [13] ) have been investigated extensively in the SM, 2HDM and supersymmetric model (SUSY). When l = e, µ, the neutral Higgs boson (NHB) effects are safely neglected in the 2HDM because they enter in the expressions with the factor m e(µ) /m W , m H ± .
However, for l = τ , this factor is not negligible and NHB effects can give important contribution.
In [13] , B → X s τ + τ − process was studied in the 2HDM and it was shown that NHB effects are sizable for large values of tanβ. Therefore the main observation of these calculations is the enhancement of the branching ratio (BR) of these decays for large tanβ values in the 2HDM and minimal supersymmetric model (MSSM), especially for l = τ lepton case. In a recent work [14] , the inclusive b → sτ + τ − process has been studied in the general 2HDM with real 
where L and R denote chiral projections L(R) = 1/2(1 ∓ γ 5 ) and φ i for i = 1, 2, are two scalar
are the Yukawa matrices and, in general, they have complex entries.
The choice of scalar Higgs doublets
and the vacuum expectation values,
permits us to carry the SM particles in the first doublet and the information about the new physics by the others. The Yukawa interaction
describes the Flavor Changing (FC) one beyond the SM. Here, the couplings ξ U,D for the charged FC interactions are
and
where the index "N" in ξ In the model III, the neutral Higgs particles bring additional contributions (see eq.(24)) since the mass of τ lepton or related Yukawa couplingξ D N,τ τ enter into the expressions (see [14] ). Finally the neutral Higgs boson (NHB) contributions are calculated using the on-shell renormalization scheme to overcome the logarithmic divergences. Using the renormalization
the counter term Γ For the exclusive decay B s → τ + τ − , H ef f is to be taken between vacuum and |B 0 s > state as < 0|H ef f |B 0 s > and this matrix element can be expressed in terms of the B 0 s decay constant f Bs using
Since p = p 1 + p 2 , the C 10 term in eq. (8) gives zero on contraction with the lepton bilinear, C 7
gives zero by eq. (10) 
To calculate the branching ratio we find the square of this amplitude, then sum over the spins of the τ leptons and finally integrate over the phase space. This straightforward calculation
gives for the branching ratio of
Now, we would like to consider another experimentally measurable quantity for the process 
and using the definition of CP asymmetry A CP
we get
where ). HereĈ Q 1 andĈ Q 2 are defined aŝ
In eqs. (15) and (16), θ is the CP violating parameter which is restricted by the upper bound of the neutron electric dipole moment eq.(see eq. (19)).
Discussion
In the multi-Higgs doublet models, there are many free parameters, such as masses of charged and neutral Higgs bosons and the complex Yukawa couplings. In the present work we study our process in the general 2HDM, so called model III. The Yukawa couplings, which are entries of Yukawa matrices can be restricted using the experimental measurements. In our calculations, we neglect all Yukawa couplings exceptξ (18) (see [16] for details). Our numerical calculations based on this restriction and the constraint for the angle θ due to the measurement of neutron electric dipole moment,
−25 e-cm, which places an upper bound on the couplings with the expression:
for m H ± ≈ 200 GeV [17] . Throughout these calculations, we use the redefinition
we take the charged Higgs mass m H ± = 400 GeV , the scale µ = m b and we use the input values given in Table (1). In Fig. 1 , we plot the branching ratio BR of the decay B s → τ will be also negative. (15) and (17) ). Therefore the NHB effects play the main role in the existence of A CP .
• If A CP is measured as beeing negative, C ef f 7 should be negative, too. This is an interesting result which can be used for the determination of the sign of C ef f 7 .
Appendix A The operator basis
The operator basis in the 2HDM (model III ) for our process is [13, 18, 19 ]
where α and β are SU(3) colour indices and F µν and G µν are the field strength tensors of the electromagnetic and strong interactions, respectively. Note that there are also flipped chirality partners of these operators, which can be obtained by interchanging L and R in the basis given above in the model III. However, we do not present them here since corresponding Wilson coefficients are negligible.
B The Initial values of the Wilson coefficients.
For the sake of completeness we also give the initial values of the Wilson coefficients for the relevant process. In the SM they are [18]
The initial values for the additional part due to charged Higgs bosons are
where
and due to the neutral Higgs bosons are [14] 
The explicit forms of the functions F 1(2) (y t ), G 1(2) (y t ), H 1 (y t ) and L 1 (y t ) in eq.(22) are given as
Finally, the initial values of the coefficients in the model III are
(m W ) = 0 , i = 5, ..., 10.
Here, we present C Q 1 and C Q 2 in terms of the Feynmann parameters x and y since the integrated results are extremely large. Using these initial values, we can calculate the coefficients 
